Samples collected from the Upper Jurassic Constancia Formation in the Varadero oilfields, located in the Northern Marginal Basin of Cuba were analyzed to evaluate the type and origin of the organic matter and their source rock potential. This study is based on geochemical analyses of whole rock (total organic carbon content (TOC), Rock-Eval pyrolysis), petrographical analyses (vitrinite reflectance, spore colouration index (SCI), palynofacies) and gas chromatography/mass spectrometry (GC-MS).
INTRODUCTION
Geochemical analyses and interpretations of samples of potential petroleum source rocks, oils, and gases have quantitatively defined several source rocks and potential petroleum systems of the North Cuba area (Lopez-Quintero et al., 1994; Magnier, 2004) . The onshore part of the North Cuba Basin has a long history of petroleum exploration and production. More than 20 oil fields have been discovered in Cuba since then, mostly in the North Cuba Basin. Although most of the onshore oil fields are small, shallow, and contain heavy oil (López-Quintero et al., 1994; Campos et al., 1996) , the fact that oil exists there is strong evidence that one or more petroleum systems either are or were active in the subsurface of the northwestern part of Cuba. et al., 2003) .
performed according to the method described by Espitalié et al. (1977) providing information on the level of maturity by T max ( o C), and type of kerogen (Table 1) by determination of the Hydrogen Index (HI) and Oxigen Index (OI).
Sample preparation for petrographic analyses

Palynofacies
Palynofacies analyses were carried out on twenty-five samples. The preparation for the palynofacies analysis followed the standard non-oxidative palynological procedures as described by Durand (1980) and Tyson (1995) . For the purpose of studying kerogen concentrations, the samples were ground to approximately 2 mm size. The mineral matrix of the samples was digested using concentrate HCl (37% for 18 h) to remove carbonates and HF to remove silicates (40% for 24 h), and newly formed fluorides (HCl 37% for 3 h). Between the various steps, samples were washed with distilled water until the washing water was neutral. After this procedure, ZnCl 2 (density = 1.9 g/cm 3 ) was added, stirred, and then centrifuged in order to separate sulfides. The floated material was also washed and HCl (10%) drops and distilled water were added to eliminate the heavy liquid.
The isolated kerogen was sieved to a diameter < 16 μm. After this procedure, strew slides were made from the organic residue to determine the general character of the organic matter in the sample by making at least 500 counts of the various particle species observed during several traverses over different parts of the slide. The strewn slides were then examined under a blue-light excitation fluorescence light microscope to provide a qualitative assessment of the character of the amorphous organic components. The data were used to calculate the percentage particle abundances. A Leica MPV-SP-IV microscope with 10× oculars and 20 × objectives was used to count the particles in each sample, and a digital camera Leica Q Win (Microsystems Imaging Solutions Ltd) was used to capture images of the organic matter.
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Figure 2. Locations of onshore oil fields Varadero in the Northern Cuban Petroleum Province. Constancia Formation.
Preparation procedure of embedding kerogen concentrates and vitrinite reflectance analyses
After the samples preparation according to standard palynological techniques, part of the resulting kerogen concentrate was embedded in epoxy resin (Araldite CYD248 + HYD951). This was followed by grinding and polishing procedures according to Bustin et al. (1989) . The vitrinite reflectance measurements were performed using a Leica DM600 M microscope, with data collection and calculation of relevant data such as the mean vitrinite reflectance by the software FOSSIL. An Yttrium-Aluminum-Garnet reflectance standard of R r = 0.895% was used to calibrate the microscope, while the measurements were performed using an immersion oil (Refractive Index = 1.518). Vitrinite reflectance (%R r ) determination was carried out on dispersed vitrinite particles.
Spore Coloration Index (SCI)
The SCI used in this work was developed by Barnard et al. (1981) , and has a scale of 1 to 10 with intervals of 0.5. The color of the spores in this method increases with the increase of depth and temperature. The analyses were performed on samples using transmitted white light at 200× magnification by comparing the pollen grains and spore colors of the kerogen strew slides with the standard scale.
Extraction, Liquid Chromatography and GC-MS analyses
The samples were extracted with dichloromethane in a Soxhlet apparatus for 24 h. The extracts were fractionated by column chromatography in a 34 cm long and 0.9 cm in diameter column, filled with 8 g of 5% water-deactivated alumina (top) and silica (bottom). The aliphatic hydrocarbons were separated by elution with 20 ml of n-hexane, followed by analysis of the hydrocarbons using a gas chromatograph (Agilent Technologies, Model 7890A), equipped with a flame ionization detector and splitless injector, and analysed also for biomarker distribution by GC-MS using an Agilent Technologies Model 5975 C inert MSD with triple-axis detector.
RESULTS AND DISCUSSION
TOC contents, Rock-Eval and petroleum potential
The results of the TOC determinations and Rock-Eval pyrolysis of 25 core samples from the Constancia Formation collected from a depth interval between 1450 to 3000 m are shown in Table 1 . Total organic carbon (TOC) analysis showed fair to excellent content of organic carbon for the samples in respect to hydrocarbon potential (Peters and Cassa, 1994) , ranging from 0.52 to 5.84 wt.% (Table 1) , except three samples from V1-1, V1-4, V4-4 and V5-1 wells indicate that these rocks have organic carbon contents <0.5 wt.% (Table 1) . Samples from Mar 1-1, V2-1, V3-1, V4-1, MM-2-1 wells were highly variable in TOC content ( Fig. 3; Table 1 ), indicating the highest TOC values in samples from a depth interval between 1450 and 2898 m.
The HI versus TOC relationship shown in Figure 3 indicates the preservation conditions of the organic matter in the samples of the Constancia Formation. The TOC contents and HI values have been related to the nature of the original source of lipoid material (Tyson, 1995) , and to the amount and nature of admixed allochthonous terrestrial and marine macrophyte or degraded planktonic material (Tyson, 1995) . Low values of HI values associated with low TOC observed in the Constancia samples suggest a greater relative abundance of terrestrial material, whereas high TOC and HI values suggest a greater input of algal (González, 2012) .
The amount of hydrocarbon yield (S 2 ) expelled during Rock-Eval pyrolysis is a useful parameter to evaluate the hydrocarbon generative potential of source rocks (Bordenave, 1993; Langford and Blanc-Valleron, 1990 (Fig. 4 ) indicate a source with poor to excellent hydrocarbon-generative potential as classified by Peters and Cassa (1994) .
Type of organic matter based on results from Rock-Eval and TOC
The type of organic matter has also been determined according to the modified van Krevelen plot of whole rock Hydrogen Index (HI) and Oxygen Index (OI) (Tissot and Welte, 1984; Bordenave, 1993) , shown in Figure 5 . Constancia samples are characterized by hydrogen indices (HI) ranging from 36-897 mg HC/g TOC and oxygen indices (OI) ranging from 22-108 mg CO 2 /g TOC (Table 1 ). According to the HI and OI values the Constancia organic matter is characterized by a range from kerogen type III (relative low in HI, but relative high in OI) to kerogen type I (high in HI but low in OI (Fig. 5 ). Samples with HI values suggesting moderate to good oil source potential (> 300 mg HC/g TOC) all occur in the relatively high TOC samples of the Mar-1-1, V2-3, V101-1, V4-1, MM-2-1 and Cpy 1-1 exploration wells ( Fig. 5 and Table 1 ). The occurrence of kerogen type I, II and II/III and III suggested a mixture of marine and terrestrial derived matter, with oil and gas generation potential.
The lowest hydrogen and highest oxygen indices are associated with seven samples from LP1-2b; V1-2-3; V3-5 and 6; V4-1and MM1-1and 2 wells indicating a high input of kerogen type III (Peters and Cassa, 1994 ) associated with marine organic matter that has been oxidized. These samples also show the lowest TOC contents and HI values, ranging from 0.50-1.84 wt% and 36 to 148 mg HC/g TOC, respectively ( 
Visual kerogen evaluation based on palynofacies analyses
Three assemblages (A-I, A-II and A-III) were recognized from the Constancia Formation in the investigated samples of the Varadero oil fields and described below.
Assemblage I
The bulk of this assemblage is made up of amorphous organic matter (AOM) (Fig. 6 ), ranging from 60% to 99%, followed by spores and pollen (nil to 16.6%). Phytoclasts are generally occurring between nil and 26%. Marine microfossils were observed and consist mainly of dinoflagellate cyst and acritarchs. The AOM has variably "clotted" (grumouse), granular and resinitic appearance, with orange to dark brown coloration in transmitted light and its matrix exhibits strong yellow homogeneous and heterogeneous fluorescence color ranging from intense yellow to orange. This is a fluorescence characteristic of immature to marginally thermal maturity and has been mainly considered to be of marine origin (Tyson 1995; González, 2012) . This assemblage is classified as type II > I kerogen, deduced mainly from the Figures 5 and 6. These characteristics are observed at the top of the Constancia Formation, which consists of interbedded carbonate rocks within the siliciclastic turbidite. Assemblage I is associated with an abundance and excellent preservation of marine AOM, strong fluorescence, and HI values >300. The correlation between HI and TOC ( Fig. 3) suggests that the TOC of the shale is determined by preservation of the AOM and particularly the fluorescing AOM. These characteristics are considered to be 854 associated with organic matter deposited in a suboxic-anoxic/marine restricted environment with prevalent anoxia in the water column (Tyson, 1995) .
Assemblage II
This assemblage is dominated by amorphous organic matter ranging from 60% to 95% ( moderate percentages of AOM (24-37%, samples V4-2, 3 and V1-3). The phytoclasts consist mainly of opaque equate to lath-shaped fragments (Fig. 7) . The AOM has variably "clotted" (grumouse) and massive-granular appearance, with orange to dark brown coloration in transmitted light. The matrix of the AOM shows low to moderate fluorescence. The fluorescence characteristics of this AOM are considered to indicate immature to marginally thermal maturity in organic matter of marine origin (Tyson 1995; Gonzalez, 2012) . This assemblage is classified as Type II/III kerogen deduced mainly from Figure 7 and Table 2 . The palynomorph abundance range from 1 to 16.6%. Assemblage II has the highest amount of pollen observed in this study, with most of the specimens representing the genera Classopollis (Fig. 7: images 1 and 5) .
The assemblage II is associated with a poor to moderate preservation of marine AOM, low fluorescence, and HI values <300 mg HC/g TOC. The organic components appear mainly as structureless, heterogeneous particles, frequently with inclusions of The sporomorphs and marine palynomorph range from 10 to 29.6%. The assemblage has the highest amount of pollen and Pteridophyte spores observed in this study (Fig. 8) . The spores and pollen display orange-yellow fluorescence under blue light excitation (UV), whereas the dinoflagellate cysts show intense yellow fluorescence color.
This assemblages is classified as type III kerogen deduced mainly from the AOMPhytoclast-Palynomorph ternary plot of Tyson (1993) as shown in Figure 9 and Table 2 . These characteristics are observed in samples collected from the bottom of the Constancia Formation, which correspond to an interval of high siliciclastc input and limestone interbeds.
Assemblage III, with a good preservation of tissues of higher plants, low HI ≤ 100 mg HC/g TOC, suggest a shallow marine, slightly oxic to suboxic depositional environment (Fig. 7 ) Such influence is clearly seen in the lithologic composition of the unit in its lower part, which has a higher clastic to carbonate ratio. The fact that terrestrial phytoclasts account for 52.2-89.8% of the assemblage reflects proximity to source (e.g., rivers, deltas, etc.). The presence of pteridophyte spores may also be indicative of lacustrine and swampy environments on the adjacent landmass (Tyson, 1993) .
Palynofacies analyses performed on samples demonstrated good results for the recognition of preserved organic matter and changes in paleoenvironmental conditions along the sedimentary sequence. The ternary diagram (AOM-Phytoclast-Palynomorph) of Tyson (1993) illustrated in Fig. 8 shows the constitution of the kerogen assemblage in the Constancia samples. Please note that the investigated intervals of the Constancia were formed from a phytoclast/palynomorph and AOM association that shows a high degree of preservation of the Jurassic vegetation and marine AOM.
Thermal maturity of the organic matter
A variety of maturity indicators have been used to evaluate the level of thermal maturity of the Constancia samples; these include Rock-Eval Tmax, vitrinite reflectance (% R r , Rrandom reflectance), and Spore Color Index (SCI).
Pyrolysis T max
The Constancia samples have Tmax values in the range of 399-429°C, suggesting immaturity to marginal thermal maturity of the organic matter. T max values may be influenced by kerogen type (Hunt, 1996) and mineral matrix (Katz, 1983) , thus the defined maturity windows are only approximate. A plot of hydrogen index (HI) and pyrolysis Tmax, can be used to evaluate thermal maturity and type of organic matter (Mukhopadhyay et al., 1995) . According to this concept, the organic matter of the analyzed samples plot in the immature zone of Type I, II, mixed Type II/III and Type III kerogen (Fig. 10) , except for one sample (V-201), for which the T max value suggests a transitional stage (immature/mature), Figure 10 .
Vitrinite reflectance measurements (Rrandom %)
The vitrinite particles are generally small, not very abundant and occasionally show signs of oxidation, in particular in samples of assemblage I. The vitrinite reflectance data for the Constancia samples range from 0.40 to 0.58% R r ( Table 2 ), suggesting that the samples are thermally immature to marginal mature (early mature zone of the oil window) (Fig. 11) .
Spore Color Index (SCI)
The colour of simple thin-walled psilate spores and pollens (e.g., Deltoidospora, Dictyophyllidites, Classopollis) varies from light yellow to orange and show a SCI range (Table 2 ) from 3.5 to 4.5 (Robertson Research Limited). These values suggest a maturity level of the organic matter ranging from immature to marginally mature (Table 2) .
Biomarker distribution and depositional environment conditions
Depositional environment condition and organic matter input of the Constancia samples were examined through a) the analyses of the triterpanes and steranes distribution recorded based on m/z 191 and m/z 217 mass chromatograms respectively (Waples and Machihara, 1991) ; b) by n-alkane and isoprenoids determinations; c) parameter calculated from these distributions (Table 3) .
n-alkanes and biomarkers
Samples V3-2 and V3-4 in Figures 12, 13, 14 and 15 illustrates the gas chromatograms from GC and GC-MS analyses from typical rock extract of the organic-rich facies 860
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from the Constancia Formation. The gas chromatograms from GC and GC-MS analyses reveal features diagnostic of a dysoxic-anoxic environment (Mello et al., 1988; Campos et al., 1996; Magnier, 2004; Peters et al., 2005) . Important differences are observed in terms of biodegradation. V1-3, V3-2, V6-1 and MM2-3 samples have well-defined n-alkane envelopes, which, a priori, correspond to little or no biodegradation with visible biomarkers (hopane and other triterpanes). The extracts of the organic matter from V1-2; V1-4; V2-1; V3-4 and 5 wells have a predominant unresolved hump and exhibit a smaller n-alkane range (C 13 -C 31 ). The saturated gas chromatograms of the Constancia extracts display a full suite of saturated hydrocarbons between C 13 and C 33 , with moderate Carbon Preference Indices (IPC) in some samples ( Fig. 12; Table 3 ), suggesting a significant contribution of marine organic matter with minor terrigenous organic matter input (Tissot et al., 1978) . 
Pristane and Phytan distribution
The most abundant source of pristane (C 19 ) and phytane (C 20 ) is the phytyl side chain of chlorophyll (a) in phototrophic organisms and bacteriochlorophyll (a) and (b) in purple sulfur bacteria (Powell and McKirdy, 1973 environments (Peters et al., 2005) . Based on the Pr/Ph ratios the Constancia sediments are likely to be deposited under anoxic and suboxic conditions. This is suggested by low Pr/Ph ratios of <1 for most samples, whereas two samples (V1-3 and MM2-4) contain Pr/Ph > 1 (Table 3) . The plot of isoprenoids versus n-alkanes easily discriminates the extracts from Constancia Formation (Fig. 13) . The marine organic matter contribution and anoxicsuboxic (Type II/III kerogens) depositional conditions for extract for Constancia Formation, are indicated by low pristane/phytane ratios and phytane/n-C 18 mostly more than or equal to pristane/n-C 17 . Low pristane/phytane ratios and the pristane/n-C 17 versus phytane/n-C18 relationship for V1-2 and V3-4 samples suggest more contribution from marine organic matter and anoxic depositional conditions ( Fig. 13; Table 3 ).
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Figure 12. Gas chromatograms (GC) of saturated hydrocarbons of two studied Constancia extract. Figure 13 . Cross-plot of pristane/n-C17 versus phytane/n-C18 shows kerogen type, maturation, biodegradation and depositional environments of the Constancia Formation.
Triterpane and sterane distribution
The distribution of triterpanes and steranes are commonly studied using GC-MS by monitoring the íons m/z 191 and m/z 217 (Peters et al., 2005) . The assignment of the peaks of steranes and triterpanes labeled in Figure 14 and 15 are listed in Table 4 . The m/z 191 mass fragmentograms of the saturated hydrocarbon fractions of all analyzed samples exhibit high proportions of hopanes relative to tricyclic terpanes (Figs. 14 A and B) . The C 30 hopane is the most abundant component, followed usually by norhopane, with C 29 /C 30 17 α (H) hopane ratios in the range of 0.27 to 0.89 ( Fig.  14; Table 3 ). The predominance of C 29 norhopane is frequently associated with land plant input (Rinna et al., 1996) .
864
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The ratio of Gammacerane/C 30 is relatively high (Table 4) ranging from 0.16 to 0.93. The ratio is generally considered to be high in organic matter originating in a restricted hypersaline environment (Ruble et al., 1994) , with tetrahymanol being considered the precursor of gammacerane (ten Haven et al., 1989) . The high gammacerane content differentiate V3-3, V5-1, MM2-2 and MM2-4 samples from other samples in the Constancia Formation, suggesting that they are derived from a hypersaline source. Gammacerane is present in all extracts shown in Table 4 except in the V2-1 and V3-2 extracts. This compound occurs in variable amounts in many oils of different origin (Moldowan et al., 1985; Peters et al., 2005) , so its presence is not indicative of specific origins.
The homohopane distributions are dominated by the C 31 homohopane and decrease with increasing carbon number (Fig. 14 A-B) . The distribution of the extended hopanes or homohopanes (C 31 e C 35 ) has been used to evaluate redox condition based on homohopanes index (Peters et al., 2005) . This, in turn, suggests that the Constancia extracts were deposited under anoxic and suboxic conditions (Fig. 14 A-B , Table 4 ). Relatively high C 34 and C 35 homohopane concentrations have also been reported in samples from a highly reducing marine depositional environments (Peters and Moldowan, 1993) as is the case of the Constancia samples (Fig. 14A) In addition, the presence of tryciclic terpanes in the m/z 191 chromatograms of the Constancia extracts, support the high contribution from marine organic matter. Cross-plots of Hopane/sterane ratio versus pristane/phytane ratios indicate predominantly algal organic matter, with bacterial and terrestrial input (Peters and Moldowan, 1991) . (Fig. 15) .
The distribution of diateranes and the steranes (C 27 to C 29 ) are characterized by the m/z 217 ion chromatograms (Fig. 16) , from which the relative abundance of C 27 , C 28 and C 29 regular steranes have been calculated, with the results given in Table 4 .
It has been demonstrated that the relative amounts of C 27 to C 29 steranes can be used to give information of source differences (Seifert and Moldowan, 1979) . The relative distribution of C 27 , C 28 and C 29 steranes is commonly graphically represented in the form of a ternary diagram (Fig. 17) . The original classification of Huang and Meinschein (1979) related C 27 steranes to strong algal influence and C 29 steranes to strong higher plant influence. The Constancia extract are composed predominantly of C 27 and C 29 regular steranes witch are an indicator of a marine and mixed marine/ terrigenous origin (e.g. planktonic-bacterial land plant) (Peters and Moldowan, 1993) . This is consistent with the low C 29 /C 27 sterane ratios (Table 4) and the crossplot of hopane/sterane ratios versus pristine/phytane ratios observed in the extracts from the Constantia Formation ( Fig. 15; Table 4 ).
Thermal maturity based on biomarker ratios
Hopane maturity ratio is C 27 18α (H)-22,29,30-trisnorneohopane (Ts) relative to C 27 17 α (H)-22,29,30-trisnorhopane (Tm) and are well known to be influenced by maturation, type of organic matter and lithology (e.g. Seifert and Moldowan, 1979; Moldowan et al., 1985) . The investigated samples possess similarly low Ts/Tm ratios ranging from 0.22-0.48 and two samples with relatively high Tm/Ts ratios (1.00) as show in Table 4 , indicating that the samples contain a mixture of land and marinederived organic matter.
The 20S vs. 20R 24 -ethyl -5α(H), 14α(H), 17α(H)-cholestane (C 29 -αα20S/(S+R) and the 5α(H), 14β (H), 17β(H) vs. 5α(H), 14α (H), 17α(H)-24 -ethyl -cholestane 20R (C 29 -20Rββ/(ββ+αα) ratios were used to determine the thermal maturity of these extracts ( Fig. 18 ; Table 5 ). Both indices, 0.20 -0.47 and 0.29 -0.50, respectively, show that all extracts from Table 4 not reached full maturity with equilibrium ratios of 0.55 and 0.75, respectively (Seifert and Moldowan, 1981; Mackenzie, 1984; Peter et al., 2005) . 
CONCLUSIONS
The Constancia samples from the Varadero oil fields have more than the minimum TOC required to generate hydrocarbons, witch values between 0.5 to 5.84 wt%. The parameter S2 derived from Rock Eval Pyrolysis, suggest poor to good hydrocarbon generation potential. Based on HI and OI indices the organic matter is predominantly type II/I and II/III and type III kerogen. The kerogen in the Upper Jurassic Constancia Formation samples from Varadero wells is autochthonous and is, based on optical analyses, characterized by three assemblages. Assemblage I occur in the upper part of Constancia Formation and is dominated by marine amorphous organic matter. The relatively high amounts of organic matter are mainly due to good preservation of amorphous marine organic matter which is generally produced from degradation of marine plankton in an anoxicsuboxic depositional environment. Thus, the Constancia organic matter in assemblage I contain Type II to Type I kerogen, containing marine microfossils (dinoflagellate cysts and microforaminíferal linings). The particles are composed of highly fluorescent grumouse/granular AOM with excellent preservation and a high hydrogen index. Assemblage II is characterized by AOM particles with low to moderate percentages of phytoclasts and palynomorphs. The grumouse and massive AOM exhibits low to moderate fluorescence and hydrogen index. Assemblage III occurring at the base of the Constancia Formation is dominated by phytoclasts, pollen and miospores and very rare dinoflagellate cysts and a low percentages of AOM. This assemblage is classified as type III kerogen.
Geochemical (T max ºC) and petrological (vitrinite reflectance and SCI) results indicate that the samples are immature to early mature in respect to the oil generation window.
Results of the saturated hydrocarbon fraction, including pristine and phytane determined by gas-chromatograpy indicate that the Constancia organic matter is derived mainly from marine and mixed marine plankton and terrestrial components. These results agree with the kerogen analyses.
The source rock of the Constancia Formation is characterized as a marine carbonate with organic matter deposited in anoxic/suboxic cycles. The marine influence on the composition of the extract from carbonate producing intervals is confirmed by the presence of specific biological tracers such as pentacyclic steranes C 30 , abundant tricyclics terpanes, the higher proportion of C 27 relative to C 29 steranes and gammacerane.
The level of maturity based on molecular maturation parameters is consistent with the level of maturity determined by Rock-Eval and petrographical parameters, suggesting a range from immature to early mature in respect to the oil window.
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